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A mode-matching technique in 
conjunction with the Floquet’s theorem is 
employed in this research to analyze the 
scattering characteristics of a new type of 
periodical structures for TE incident waves. 
The work of this project is divided into 
four parts. In the first part, the periodic 
dielectric structures with staircase, single 
as well as double crisscross and "I"-shaped 
profiles are studied. In the second part, the 
scattering characteristics of similar 
periodical structures as those studied in the 
first part but with a ground plane in the 
bottom layer will be analyzed. Results 
obtained from both cases will be compared. 
For the third part, a metallic strip is added 
on top surface of each period to construct 
a strip grating with a periodic dielectric 
substrate. The effects of varying the 
metallic strip width, thickness, and 
position on the scattering characteristics 
are examined. Finally, a bi-grating 
structure with metallic strip placed also in 
one of the inner dielectric layers is studied. 
Analysis similar to that of single grating 
structure will be performed. Results 
obtained in this research are expected to 
serve as useful references for researchers 
and designers working in this field. 
Keywords: mode-matching method, 
Floquet's theory, scattering characteristic, 
bi-grating. 
1. Introduction 
Periodical dielectric layers have been of 
considerable interest for many years [1-5]. 
Because of their inherent frequency- 
selective behaviors, periodical structures 
have found many applications in the 
microwave, millimeter, and optical frequency 
bands. In scattering applications, periodical 
structures are usually made of metal [1]. 
Since losses associated with metals increase 
with frequency, periodical structures 
composed of composite materials are getting 
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 more and more attention [2], [5]. Because of 
the advantage of low absorption as compared 
to metallic screens, a periodical dielectric 
layer is an alternative candidate to be 
designed as a frequency-selective surface [4].  
In this project, a mode-matching 
method, combined with Floquet theory [6], is 
formulated to analyze a new type of 
periodical dielectric structures consisting of 
two different dielectrics. Results on the 
frequency-selective reflection and 
transmission characteristics for some sample 
configurations are presented and, wherever 
possible, are compared with data available in 
the literature. 
=n
2. Sample Results and Discussion 
Some sample structures of Fig. 1 are 
computed in this work, and a set of typical 
results is presented here. In Fig. 2, a single 
periodical dielectric layer which consists 
of two rectangular cross-sectioned 
dielectrics cascaded in juxtaposition in a 
unit cell was studied. The magnitude 




functions of the normalized frequency are 
plotted. Our results are almost identical to 
those obtained by Bertoni et al. [3]. This 
structure can be used as a dichroic 
(dual-frequency) reflector since there are 
two total reflections occurring at 
 and at . The 
coincidence of the two curves in the figure 
implies that all scattered Floquet modes, 
except mode 0, are cutoff in the z direction, 
and hence the power conservation, 
32.50 ≅hk 0 ≅hk
120
2
0 =+ tr , is satisfied.  
Fig. 3 demonstrates the results of 20r  
and 20t  for a structure modeled by four 
dielectric layers (referred to Fig. 1). The 
phenomena of multiple total reflections and 
total transmissions are also observed. 
Moreover, in the displayed frequency range, 
the two curves coincide. Thus, the same 
implication to Fig. 2 also applies here.  
The inset of Fig. 4 shows that there are 
only two regions in the whole space. This 
structure is important in the study of 
diffraction grating used in spectroscopy [2] 
and the study of surface scattering. The 
curves for 20r  and 
2
0t  do not coincide 
with each other except at some specific 
frequencies. It is found that the reflected 
power is carried by the 0th Floquet mode and 
the transmitted power spreads in the 
1,0,1−  Floquet modes. 
Results for other structures of Fig. 1, 
such as the single crisscross and "I"-shaped 
profiles are shown in Figs. 5 and 6. The one 
for double crisscross profiles is plotted in Fig. 
8, and those for the periodic structures with 
conductor strip added on top or bottom 
surface are presented in Figs. 9 and10. 
3. Self-Evaluation 
Although we present here just 
some representative results, almost all 
of the work outlined in the project 
proposal was completed. Results 
obtained in this work can serve as useful 
reference for researchers and designers 
working in this field. 
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Fig. 2. Magnitude squared of r0 and t0 with a 
single layer with m = 3, h2/p =1.713 (h = h2), 
h1 = h3 = 0, a2 = p/4, b2 = 3p/4,͂2 = 2.56͂0,



















Fig. 3. Magnitude squared of r0 and t0 with m 
= 4, p = 5/6͈0, a2 = p/5, b2 = 4p/5, a3 = 2p/5, 
b3 = 3p/5,͂2 = 3͂0,͂1 = 6͂0, h1 = h2 = h3 













Fig. 4. Magnitude squared of  and 
with m = 4, p = 5/6͈0, a2 = p/5, b2 = 4p/5, 
a3 = 2p/5, b3 = 3p/5,͂2 = ͂0,͂1 = 3͂0, 




















Fig. 5. Magnitude of r0 with m = 5, p = 
2/3λ0, ε1 = 6ε0, ε2 = 3ε0 , h/p =2.037, h1 = 
h2 = h3 = h4 = h5 = h/5, a2 = a4, b2 = b4, a3
= 1/4λ0, b3 = 5/12λ0 and θ = 0。(w2 = 2a2 , 
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Fig. 6. Magnitude of r0 with m = 5, p = 
2/3λ0, ε1 = 6ε0, ε2 = 3ε0 , h/p =2.037, h1 = 
h2 = h3 = h4 = h5 = h/5, a2 = a4 = 1/4 λ0, b2 
= b4 = 5/12 λ0 and θ = 0。(w2 = 2a3 ,w3 = 
a2 – a3). 
 Fig.9. Variation of |r0|2 versus frequency 
with strip width as a parameter. The 
structural parameters are ε1 = 2.56ε0, ε2 = 
1.44ε0, a1 = (p-w1)/2, h1 = 10 µm, h3 = 20 
mm, p = h3/2.037, a3 = p/4, b3 = 3p/4, h2 = 
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Fig. 7. Variation of the magnitude squared of
r0 with normalized period for the grounded 
periodical structure with single crisscross 
shaped profile: m = 5, p = 12 mm, ε1 = 6ε0, 
ε2 = 3ε0, hi = h/5 (i =1, 2, …, 5), a2 = a4 = 
p/8, a3 = 3p/8, b2 = b4 = 7p/8, b3 = 5p/8, and 





Fig. 10. Power reflection coefficient
versus frequency with the position of the 
lower strip as a parameter. The parameters 
are m =3, ε1 = 2.56ε0, ε2 = 1.44ε0, au = (p-
wu)/2, wu = wd = 0.5 mm, hu = hd = 10 
µm, h1 = h3 = 2 mm, h2 = 20 mm, p =
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Fig. 8. Variation of the magnitude of r0 with 
normalized period for a periodical structure with 
double crisscross shaped profile: m = 9, p = 20 
mm, ε1 = 6ε0, ε2 = 3ε0, h/p = 3.6666, hi = h/9 (i = 
1, 2, …, 9), a3 = a7 = 3p/8, b3 = b7 = 5p/8, and θ = 
0°. (w2 = 2a2, w3 = a3 – a2.) 
 
 
 
